Apoptosis genes in human alveolar macrophages infected with virulent or attenuated Mycobacterium tuberculosis: a pivotal role for tumor necrosis factor.
Tumor necrosis factor (TNF)-alpha-dependent apoptosis of alveolar macrophages (AM) after infection with avirulent Mycobacterium tuberculosis (Mtb) results in bacillary death and the destruction of a growth niche for the pathogen. This response is minimized after infection with virulent strains of Mtb. To study the genetic control of Mtb-induced apoptosis, we used microarrays to interrogate the expression profile of infected human AM. Although we found variation in gene expression between different donors of AM, a set of genes were constant for each condition. A group of proapoptotic genes were downregulated after infection by virulent Mtb strain H37Rv, whereas infection with avirulent Mtb H37Ra led to a gene expression profile that would favor macrophage apoptosis. Neutralizing TNF in macrophage cultures infected with H37Ra changed the gene expression profile to one that resembled the profile of macrophages infected with H37Rv. These data reveal that apoptosis-related genes are regulated differently by virulent or attenuated Mtb strains, and are consistent with the hypothesis that virulent Mtb interfere with TNF death signaling. Given the importance of TNF in host defense against tuberculosis, the ability to repress the expression of genes activated by TNF may constitute a bacillary virulence mechanism.